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£QUIEMENI.CiiAM£IEEISI£S 

The IOU-49 is an intelligent, buffered 1/2 inch Streaming Tape Drive 
Controller. It utilizes a Z-80B Micro-processor and two 4k Byte EPROMS 
for onboard intelligence and has a maximum of 26k Bytes of RAM for 
buffer memory or for downloadable intelligence. In IPL mode it is 
compatable to an I0U21. 

The IOU-49 is capable of controlling up to eight 30 IPS START/STOP 
tape drives via two daisy-chain cables. 

Interface signals are LOW ACTIVE (TRUE is 0.0 to 0.4 vdc) 
is 0.0 to 0.4 vdc). 

A MMS (MEMORY MANAGEMENT SYSTEM) is used to control what has access 
to the controller, the Z80, the Tape Transport or the CPU, 


IE£I4LLAII£E 


DC VOL TAGES AND POWER RE QUIREMENTS 


+5 vdc ± 5 % 

+ 12 vdc tlO/5 

£££E£EI.£EQUI£EM£NI£ 

+5 volts at 3*7 amps, surge to 4.8 amps. 

+12 volts at 15 milliamps. 

The maximum allowable noise and ripple from D.C. to 2.5 
MHZ is 50 millivolts peak to peak on the 5 volt supply and 
250 millivolts peak to peak on the 12 volt supply, 

&E£iIE£IE£ 

Earth ground is not used on the controller. The controllers logic 
ground is connected to the tape transport via the two daisy chain 
cables. 

awii£H_SEiii£ies 

Jumper switches 1,2,4 and 8 Controller Address (normally set to 8). 

JMP A installed enables the 10,0 MHZ oscillators output to the 
lOU 49. 

JMP B is absent for normal operation, it is used to start and 
stop the Z80 for allowing diagnostic routines to be performed. 

£EiLIM£ 
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P2 is used only for the DPPI Panel. 

P3 is connected via a 50 conductor flat cable to PI on the Tape 
Transport. 

P4 is connected via a 50 conductor flat cable to P2 on the Tape 
Transport . 

The Red Stripes are up on the lOU 49 and to left rear on the Tape 
Transport . 

ADJUSTMENTS AND ALIGNMEN TS 
NONE 

REMOVAL AND REPL ACEMENT 


Power Off 

MAI NTENANCE & TROUBLESHOOTING 

If LED 1 is on, a Z-80A halt is indicated. This is a serious 
controller fault, and the lOU 49 should be replaced if one 
of the following steps do not stop LED 1 from lighting. 

Reseat controller (clean edge connector), reseat ROMS and I/O cable. 

EJL. 

Controller should be kept free from dust accumulation. 

mi£«CQNlBQL_IMSI£ii£IIQflS 

1dyy9D d is Device Address yy is Control Byte 


(I = IPL 

Mode, B = Buffer Mode, S = Streaming 

Mode) 

CONTROL 

FUNCTION 


00 

ERASE A BLOCK (I,B) 


01 

READ CHECK (I,B) 


02 

BACKSPACE (I,B) 


03 

REWIND (I,B) 


04 

UNLOAD (I,B) 


10 

DISABLE CPU INTERUPTS (B,S) 


14 

ENABLE CPU INTERUPTS (B,S) 


15 

RESET CPU INTERUPT (B,S) 


20 

ENTER IPL MODE (I,B,S) 


21 

ENTER BUFFER MODE (I) 


22 

ENTER STREAMING MODE (I) 


5 1 
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32 

SEARCH FOR 2 EOF‘S (I,B) 


33 

SET HIGH SPEED (I,B,S) 


34 

SET LOW SPEED (I,B) 


35 

SET HIGH DENSITY (I,B,S)*'"^ 


37 

START A READ FROM THt I'APt (B) 


51 

START A BLOCK FOR STREAMING WRITE 

(S) 

52 

END OF BLOCK FOR STREAMING WRITE 

(S) 

53 

WAIT FOR STREAMING TO COMPLETE (S) 
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* 7F 

85 

86 


READ IDENTIFICATION (I.B) 

SET MEMORY I/O MODE (I) 

JUMP TO MEMORY CONTROLLER LOCATION (I) 


* E XTENDED STATUS , 21 byte field. Byte definition is: 


5 - 
8 - 


13 - 










o 


,5 


19) 

20 - 21 ) 


1) $49 - packed decimal lOU 49 

2) $51 - Cipher Microstreamer, and 

3) Controller Mode 
$01 - IPL Mode 
$02 - Buffer Mode 
$04 - Streaming Mode 

4) Interupt Status Byte 
$10 - Set $10 Bit on in Status 0 
$08 - Set Backplane Interupt 

6) Sequence Number 

7) Last Device Control 

11) Rom date and version # (YYMMDD) 

12) Tape Speed 

$80 - 100 IPS and 1600 BPI 
$40 - 25 IPS and 1600 BPI 
$20 - 50 IPS and 3200 BPI 

14) Block Length work area 

15) Extended Tape Status 
$80 - Tape Inoperable 

$40 - No ID found on tape (N/U) 

$20 - End of Tape found 

$10 - One end of File Mark found 

16) Extended Tape Status, a Backspace needs to be done. 

$10 - Hard Tape Error 

$08 - Data Corrected Error 
$04 - Tape Parity Error 

$02 - Not enough Data received for block (Streaming) 

$01 - CPU problem during Block Write, this is a Streaming 
error, refer to byte 17 and 18 for reason. 

17) Extended Programming Problems Status 

$80 - Control not supported by controller, 

$.40 - No Data for this Read (no CTL $37) 

$20 - Invalid type in Parameters (CTL $22 and $31) 

$10 - Control not valid in this Mode. 

18) Extended Streaming Programming problem Status 
$80 - Two short Writes 

$40 - Reads not allowed in Streaming Mode 
$20 - Sent more Data than Parameters allowed 
$10 - Sent less Data than Parameters allowed 
$08 - Invalid length in Parameter 
$04 - No Start of Block Control received 
Extended Check Status 
$80 - Block Length Error (CTL $31) 

Extended Status TBD 


STAT US IN INSTR UCTIONS 
S tand ard Definiti on 

4dyy9D d is Device Address yy is the Status Byte 
BIT DE FINIT ION 
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$01 READ BUSY 

$02 WRITE BUSY 

$04 END 

$08 Sevice Request 

$10 MODE DEPENDENT 

$20 MODE DEPENDENT 

$40 BOT/EOT/EOF Flag 

$80 INOP. 

IPL Mode Status 0 Definition 

ail aamiiiQii 

$20 Corrected Data Read 

$10 Hard Error/Parity Error 

Valid CTL $7F Bytes for IPL Mode 


Blte_lS 


Bvte 17 

axt£«12 

$80 

$10 

$80 

$80 

$40 

$08 

$20 


$20 

$04 

$10 


$10 




Buffer Mode 

Status 0 Definition 


BIT 

aamiiiaii 



$20 

Error (get 

CTL $7F for 

error decode) 

$10 

Interupt 



Valid CTL $7F 

Bytes for 

Buffer Mode 




aYt£_lI 

axt£_12 

$80 

$10 

$80 

$80 

$40 

$08 

$40 


$20 

$04 

$20 


$10 


$10 



S treaming Mode Status 0 Definition 


$20 


Error (get 

CTL $7F for 

error decode) 

$10 


RAM space 

available or 

error 

Valid CTL $7F 

Bytes for 

Streaming Mode 


Bxte_lS 

Byte 16 

BxIsUI 



$80 

$10 

$80 

$80 


$40 

$08 

$20 

$40 


$20 

$04 

$10 

$20 


<fcin 

V * w 

$02 


1 n 
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$01 


$08 


R EAD IDENTIFI CA TION (RID), Q 29 B and a bove 
IdyySo yy - Test bit value d - Controller address 


MEMQII 
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23 

Actual RS2 value 


26 

Controller lOU number in 

packed decimal 

27 

Controller type; (ex: $51 

= Cipher) 


$1x Terminal, $2x Disk, 

$3x Printer, 


$4x Communications, $5x 
$6x Card Reader, etc. 

Magtape, 

28 

Device Dependent, 



$01 - IPL Mode 
$02 - Buffer Mode 
$04 - Streaming Mode 



RE4j2_§i4iiis_me 

xdyy86 x - Don't care yy - Test bit value 

d - Controller address 


Always $C7 returned in Byte 23 

REA D IDENT IFICATION ( RID. Instructi on) 

Byte 23 - $C7 Read Status 2 

Byte 26 - $49 Packed Decimal lOU 49 

Byte 27 - $51 Cipher Microstreamer Tape 

Byte 28 - $XX Controller Mode 

$01 - IPL Mode 
$02 - Buffer Mode 
$04 - Streaming Mode 


s-a> 
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5.1.3 SIGNAL NAMES: 




CONNECTOR PI 

PIN NUMBER 

SIGNAI, 

DESCRIPTION 


1 

+5V 

D.C. Power Vcc 


2 

+5V 

D.C. Power Vcc 


3 

SSTROBE- 

Strobe Signal for lOE Bus 


4 

Gnd 

Ground 


5 

+12V 

D.C. Power 


6 

SIOEO- 

LSB of lOE Bus 


7 

SIOEl- 

lOE Bus 


8 

SIOE2- 

lOE Bus 


9 

SIOE3- 

MSB of lOE Bus 


10 

Gnd 

Ground 


11 

SYINT- 

System Interrupt 


12 

Gnd 

Ground 


13 

DAOO 

LSB of lOB Bus 


14 

DAOl 

lOB Bus 


15 

DAO 2 

lOB Bus 


16 

DAO 3 

lOB Bus 


17 

DAIO 

lOB Bus 


18 

DAll 

lOB Bus 


19 

DAI 2 

lOB Bud 


20 

DAI 3 

MSB of lOB Bus 


21 

Gnd 

Ground 


22 

Gnd 

Ground 


23 

Gnd 

Ground 


24 

Gnd 

Ground 


25 

PPL- 

Power Fail Warning 


26 

Gnd 

Ground 


27 

-12V 

D.C. Power 


28 

29 

SRST- 

System Reset (IPL) 

Not Connected 


30 

- 

Not Connected 
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CONNECTOR P2 



PIN NUMBER 

SIGNAL 

DESCRIPTION 

1 

Gnd 

Ground 

2 

Gnd 

Ground 

3 

+5V 

D.C. Power Vcc 

4 

+5V 

D.C. Power Vcc 

5 

lORQ- 

I/O Request Z80 

6 

BUSACK- 

Bus Acknowledge Z80 

7 


Not Connected 

8 

RD- 

Read Z80 

9 

MZAB6 

Address Bit 6 

10 

ZRST- 

Z80 Reset 

11 

MZABl 

Address Bit 1 

12 

M2AB7 

Address Bit 7 

13 

MZAB3 

Address Bit 3 

14 

MZABO 

Address Bit 0 

15 

lORD 

I/O Port Read 

16 

HZAB5 

Address Bit 5 

17 

MRQ- 

Memory Request Z60 

18 

WR- 

Write Z80 

19 

MONE- 

M-1 Cycle Z80 

20 

MZAB4 

Address Bit 4 

21 

RF- 

Refresh zao 

22 

MZAB2 

Address Bit 2 

23 

lOWR 

I/O Port Read 

24 

NMI- 

Z80 Non-maskable Interrupt 

25 

MZDB6 

Data Bit 6 

26 

MZAB12 

Address Bit 12 

27 

MZDBl 

Data Bit 1 

28 

MZAB14 

Address Bit 14 

29 

MZDBO 

Data Bit 0 

30 

MZAB8 

Address Bit 8 

31 

MZDB4 

Data Bit 4 

32 

HZAB15 

Address Bit 15 

'33 

MZDB5 

Data Bit 5 

34 

MZAB9 

Address Bit 9 

35 

. MZDB3 

Data Bit 3 

36 

MZABIO 

Address Bit 10 

37 

MZDB2 

Data Bit 2 

38 

MZABll 

Address Bit 11 

39 

MZDB7 

Data Bit 7 

40 

MZAB13 

Address Bit 13 

41 

BUSREQ- 

Z80 Bus Request 

42 

ZINT- 

Z80 Interrupt 

43 

HALT- 

Halt Z80 

44 

WAIT- 

Z80 Wait 

45 

CLK5 

5MHz Z80 Clock 

46 

CLKIO 

10MH2 TTL Clock 

47 

+5V 

D.C. Power Vcc 

48 

+5V 

D.C. Power Vcc 

49 

Gnd 

Ground 

50 

Gnd 

Ground 
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CONNECTOR P3 



PIN NUMBER 

SIGNAL 

DESCRIPTION 

2 

IFBY- 

Formatter Busy (in) 

4 

OLWD- 

Last Word (out) 

6 

OW4- 

Write Data 4 (out) 

8 

OGO- 

Initiate Command (out) 

10 

OWO- 

Write Data 0 (out) 

12 

OWl- 

Write Data 1 (out) 

14 

ISGL- 

Half unction (Pertec) (in) 

16 

OLOL- 

Load and On-line (Pertec) (out) 

18 

OREV- 

Reverse (out) 

20 

ORElil^- 

Rewind (out) 

22 

OWP- 

Write Data Parity (out) 

24 

OW7- 

Write Data 7 (out) 

26 

OW3- 

Writd Data 3 (out) 

28 

OW6- 

Write Data 6 (out) 

30 

OW2- 

Write Data 2 (out) 

32 

OW5- 

Write Data 5 (out) 

34 

OWRT- 

Write (out) 

36 

OSPS- 

Speed (Pertec) /Gap Length (Digi) 

38 

OEDIT- 

Edit (out) 

40 

OERASE- 

Erase (out) 

42 

OWFM- 

Write File Mark (out) 

44 

OGAPL- 

Gap Length (Pertec) (out) 

46 

OTADO- 

Transport Address 0 (out) 

48 

IR2- 

Read Data 2 (in) 

50 

IR3- 

Read Data 3 (in) 
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CONNECTOR P4 



NUMBER 

SIGNAL 

DESCRIPTION 

1 

IRP- 

Read Data Parity (in) 

2 

IRO- 

Read Data 0 (in) 

3 

IRl- 

Read Data 1 (in) 

4 

ILDP- 

Load Point (in) 

6 

IR4- 

Read Data 4 (in) 

8 

IR7- 

Read Data 7 (in) 

10 

IR6- 

Read Data 6 (in) 

12 

IHER- 

Hard Error (in) 

14 

IFMK- 

File Mark Detected (in) 

16 

I DENT- 

Id. Burst Detected (in) 

18 

OFEN- 

Formatter Enable (out) 

20 

IR5- 

Read Data 5 (in) 

22 

lEOT- 

End of Tape (in) 

24 

ORWO- 

Rewind/Unload (out) 

26 

IDACK- 

Diagnostic Ack. (Pretec) (in) 

28 

IRDY- 

Ready (in) 

30 

IRWD- 

Rewinding (in) 

32 

IFPT- 

Pile Protect (in) 

34 

IRSTB- 

Read Strobe (in) 

36 

IWSTB- 

Write Strobe (in) . 

38 

IDBY- 

Data Busy (in) 

40 

ISPEED- 

High-Speed Status (in) 

42 

ICER- 

Corrected Error (in) 

44 

lONL- 

Online (in) 

46 

OTADl- 

Transport A'ddress 1 (out) 

48 

OFAD- 

Formatter Address (out) 

50 

OHISP- 

Speed (Cipher )/Density (Pertec) 
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LO-1. 

Interface 

Signals, 

Transport to Controller 


PLUG 

LIVE 

GROUND 

SIGNAL DESCRIPTION 

SIGNAL NAME 

NO. 

PIN 

PIN 



PI 

2 

1 

Formatter Busy 

IFBY 

PI 

14 

13 

Reserved 

- 

PI 

48 

47 

Read Data 2 

IR2 

PI 

50 

49 

Read Data 3 

IR3 

P2 

1 

- 

Read Data Parity 

IRP 

P2 

2 

- 

Read Data 0 

IRO 

P2 

3 


Read Data 1 

IRl 

P2 

4 


Load Point 

ILDP 

P2 

6 

5 

Read Data 4 

IR4 

P2 

8 

7 

Read Data 7 

IR7 

P2 

10 

9 

Read Data 6 

IR6 

P2 

12 

11 

Hard Error 

IHER 

P2 

14 

13 

Filemark 

IFMK 

P2 

16 

25 

Identification 

IIDENT 

P2 

20 

19 

Read Data 5 

IR5 

P2 

22 

21 

End of Tape 

lEOT 

P2 

26 

25 

Reserved 

- 

P2 

28 

27 

Ready , 

IRDY 

P2 

30 

29 

Rewinding 

IRWD 

P2 

32 

31 

File Protect 

IFPT 

P2 

34 

33 

Read Strobe 

IRSTR 

P2 

36 

35 

Write Strobe 

IWSTR 

P2 

38 

37 

Data Busy 

IDBY 

P2 

40 

39 

High Speed Status 

ISPEED 

P2 

42 

41 

Corrected Error 

ICER 

P2 

44 

43 

On Line 

lONL 


10.9.2 Interface connector pin assignments, controller to transport 
See Table 10-2. 
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Table 10*^3 . Motion Command Decode 


COMMAND 

REVERSE 

WRITE 

WRITE 

FILEMARK 

EDIT 

- ERASE 

Read Forward 

0 

0 

0 

0 

0 

Read Reverse 

1 

0 

0 

0 

0 

Read Reverse Edit 

1 

0 

0 

1 

0 

Write 

0 

1 

0 

0 

0 

Write Edit 

0 

1 

0 

1 

0 

Write File Mark 

0 

1 

1 

o' 

0. 

Erase Variable Length 

0 

1 

0 

0 

1 

Erase Fixed Length 

0 

1 

1 

0 

1 

SecuL'ity Erase (to EOT) 

0 

1 

1 

1 

1 

Space Forward 

0 

0 

0 

0 

1 

Space Reverse 

1 

0 

0 

0 

1 

File Search Forward 

0 

0 

1 

0 

0 

File Search Forward 

0 

0 

1 

0 

1 

File Search Reverse 

1 

0 

1 

0 

0 

File Search Reverse 

1 

0 

1 

0 

1 

3200 

1 

0 

1 

1 

1 

1600 (PE) 

0 

0 

1 

1 

1 

Diagnostic Routine 

1 

1 

0 

0 

0 

(Test 22) 

0 

0 

0 

0 

0 

(Test 11) 

1 

0 

0 

0 

0 

(Test 13) 

0 

1 

0 

0 

0 

(Test 12) 

1 

1 

0 

0 

0 

(Test 14) 

1 

X 

0 

0 

0 









PROM 


The IOU-49 has two 4Kbyte 2732A EPROMS for onDoaril 
intelligence. The PROMs are addressed from $0000-§lFFF. 


RAM 

The IOU-49 has 26K bytes of RAM addressed from 

$8000 to $E7FF. The RAM is divided into five sections. 

The five sections are 1) RAM variables, 2) Screaming 
queue entries* 3) the 280 stack* 4), the 280 panel 
variables, and 3) buffers. 

The RAM variables are defined below: 

1 byte - mask for output port $80 

See output port $80 for bit definitions 

1 byte - mask for output port $B0 

See output port $B0 for bit definitions 


1 byte - mask for output port $F0 

See output port $F0 for bit definitions 

1 byte - device control flag byte 

2**7 parity 4 block check parameters next 
2**6 buffer read mode 

2**5 streaming beginning of block next 
2**4 streaming mode parameters next 
2**3 read identification next 
2**2 memory I/O mode data next 
2**1 memory I/O mode address next 
2**0 execute I/O next 

1 byte - read routine status 

2**7 sec if file mark detected 

2**6 set if data in buffer for buffered read 
2**5 set if loosing for tape ID 

1 byte - streaming write routine status 

2**7 waiting for CPU transfer to complete 

2**6 waiting for a free queue 

2**5 waiting for free data area 

2**4 waiting for tape underflow 

2**3 waiting for cape to not be busy 

2**2 set if start of block indicator sent 
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2 bytes - CPU queue table pointer 
2 bytes * CPU queue address 


2 bytes - CPU RAM address 
2 bytes - tape queue table pointer 
2 bytes * tape queue address 
2 bytes tape RAH address 

1 byte - streaming type 

2*^*0 set if write 

2 bytes - streaming record .length 

21 bytes-- read identification string 

1) $49 - packed decimal IOU-49 

2) $51 - Cipher Hi cros tr eame r 

3) Controller Mode 
2**0 - IPL Mode 
2**1 - Buffer Mode 
2**2 - Streaming Mode 

4) Interrupt Status Byte 

2**4 - Set $10 Bit on in Status 0 
2**3 - Set Backplane Interrupt 
5-6} Sequence Number 

7} Last Device Control 
8 - 11) Rom date and version # (YYMMDDVV) 

12} Tape Speed 

2**7 - 100 IPS 1600 BPI 
2**6 - 25 IPS 6 1600 BPI 
2**5 - 50 IPS 6 3200 BPI 
13 7 14) Block Length work area 
15} Extended Tape Status 
2**7 - Tape Inoperable 

2**6 - No Identification Found on Tape 
2**5 - End of Tape Found 
2**4 - One End of File Mark Found 
16^ Extended Tape Status^ A Backspace Is Needed 
2**4 - Hard Tape Error 
2**3 - Data Corrected Error 
2**2 - Tape Parity Error 

2**1 - Not Enough Data Received for Block 
2**0 — CPU Problem During Block Write 

(NOTE: This is a screaming error and 
bytes 17 ^nd 13 should be checked 
for Che exact reason for this error) 
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17) 


18) 


19) 

20 & 21 ) 


Extended Programming Problems Status 
2**7 - Control Not Supported By Controller 
2**6 - No Datd ^01* This Read (No CTL $37) 
2**5 - Invalid Type in Parameters 
2**4 - Control Not Valid in This Mode 
Extended Streaming Program Problem Status 
2**7 - Two Short Writes ^ 

2**6 - Reads Not Allowed in Streaming Write 

2**5 - Sent More Data Than Parameters Allow 

2**4 “ Sent Less Data Than Parameters Allow 

2**3 - Invalid Length in Parameter 

2**2 - No Start of Block Control Received 

Extended Check Status 

2**7 - Block Length Error (CTL $31) 

Extended Status Not Yet Defined 


2 bytes** I/O mode address or jump address 


2 bytes * saved buffered read length 


1 byte * saved input port $B0 status 
1' byte * .saved input port $F0 status 


There ar^ four 16-byte queues for streaming vrite. 

Each queue is defined as follows: 

1 byte * queue status 

2**7 cape using queue 

2**6 memory wrap to start of buffer 

2**5 CPU using the queue 

2**4 last record shorter than record length 
2**3 CPU error in queue 
2**2 tape error in queue 

2 bytes * queue 1 start of table address 

2 bytes * block length 

2 bytes - block sequence # 

9 bytes * not used 
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The stack and Z80 test panel variables are also in 
the RAH. 


int 


The remainiog RAH area is 24K ana is used as buffer 
area. In IPL mode 2 8R buffers are defined and 
Che remainder of RAH is not used. In buffer mode 
Che full 24K bytes of RAH are used as a buffer, 
streaming vrite Che first 22K of RAH are used as 
buffer and Che last 2K are used as queue table area. 
There are 4 queue tables which contain 128 four^byte 
entrys. The entry is defined as follows: 


2 bytes 


2 bytes 


flags 4 length of the vrite 
12**15 end of data entry(no data) 
2**14 end of block(data valid) 
2**13 - 2**0 length 
start address of data in RAH 
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The maskable interrupts are disabled. The Z80 
stack pointer is set to the top of the stack. Xne 
RAM variables ate set to $00's and then certain 
variables are initialised to their proper values. 

The initialisation routine sets the controller into. 
IPL mode by setting- the speed to 251PS, 1600 BPI an 
sets the mode indicator co IPL mode. All commands 
to the tape unit are cleared. If the tape is at 
load point status 0 mill reflect this fact and the 
(fentfi.y will be set low- 

Finally write busy will be reset and the program 
continues tc the main loop* 


MAIN LOOP 

The main control loop checks for CPU requests and. if 
the tape unit is operable. 

The CPU requests are checked in the following order 
read, write, and CONTROL. If there is a request, 
the program will branch to the 

there is no request, then the tape unit is checked 
for a change in the operablility of the drive. “ 
the tape went from inoperable to operable, the den y 
will be set to the requested density to reset a 
possible operator change of the density. 
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WRITE 


The vrice roucine uses three features of the I0U*49 
1} to transfer from the CPU and to the tape at Che 
same time, 2) the ability to hold up a data tranter 
to get the effect of a larger buffer (service request 
vill stop being set until more data Can be taken) » and 
3} the double parameters (what to do now and vbaC to 
do next) which can be set up for the tape transfer. 

First a CPU transfer of 16K and a holdup of the data 
transfer is set up. If the transfer is less chan 
16£, 'then the CPU transfer is terminated, the tape 
write is executed, errors are checked, the status is 
updated, and the program goes back to the main loop. 

After 16K has been transferred, the CPU is set on 
hold and a 16K Cape transfer is set up in Che double 
parameters as 2 8K segments. After the first 8iC is 
is sent to the tape, the CPU is set up to transfer 
8K maximum and hold again after that. The CPU 8K 
transfer with hold and the double parameters with 
an 8C write keep being set up until Che CPU transfer 
is complete. Then the CPU transfer is terminated, 
the second parameters are set up with the proper 
values, the tape write is completed, errors are 
checked, the status is updated, and the program 
goes back to the main loop. 
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READ 


The read routxae also uses the three features of cbe 
IOU-49 1) to traasfer from the tape and to the CPU 
at the same time, 2) the ability to hold up a data 
transfer to get the effect of a larger buffer, and 
3) the double parameters (what to do now anu what - 
to do next) which can be set up for the tape tranSMte 

Initially two 8K tape segments are set up in the tape 
parame.ters. If the tape block, is less than 8K, the 
length is calculated and the CPU transfer is done. 
Errors are checked and the status is updated. Then 
the program branches to the main loop. 

Otherwise, after 8K has been readfrom the tape, the 
program starts the CPU transfer for 8K and sets up 
a hold,. The read routine then stays with the 2 8E 
segments setup for the tape and an SE CPU transfer 
with hold until the tape block has been completely 
read. After the tape read the CPU count is changed 
from 8K to the number of bytes remaining. The CPU 
transfer is terminated, errors are checked, status 
is updated, and the program goes back to the main loop. 
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DEVICE COMTROL 


The device coaCroi rouciae decodes the CPU coatrol 
character and branches to the proper routine to 
execute Che control* The control character is saved 
for read identification information. If the control 
character is not found or if the control is noC'^ 
supported in the current mode, then write busy is 
reset and the program continues in the main loop. 

The decoding is performed thru a table. Each entry is 
four bytes in length. The first byte is the control 
character, the second byte defines which modes are 
supported, and the last two are the address of the 
routine to be executed* 








STREAMIHG WRITE 

The screaming write routine has its own main loop 
which is called the streaming loop. In the streaming 
loop teats are done to determine what action should 
be taken by the program. The tests are 1) a processor 
request* 2) CPU transfer complete, 3} RAM space 
available* 4) a free queue available* 3) start a g 
cape write if needed* 6) process tape underflow*.^ 

7} process cape write complete* and 8) check if 
tape is inoperable. 

The streaming write operates with four queues. Each 
queue is 16 bytes and is associated with a 312 byte 
table which holds the lengths anc addresses of 
where data is stored for this queue (see the RAH 
variables for queue ano cable definitions) . When a 
start of block device control is received* a queue 
is found* its table address is initialized* and the 
block and sequence numbers are stored in the queue. 

If there is enough RAM for a write* the interrupt 
bit will be set. Otherwise a "waiting for RAM space" 
bit is set and* when space becomes' available * the 
interrupt will be set« When a write is received*; 
an entry is placed in the tableland the length 
of the write is checked. Then interrupt will be set 
when RAM space is available. The end of block will 
cause an ending entry to ;be placed in the table 
and a new queue to be found. . .. 

A write to the tape will be started when two entries 
are found in the table of the first queue. The 
queue is Chen marked as being used by the tape 
(the CPU can sttll be adding entries).- The tape 
parameters are set up using the two entries and 
a flag is set to w*ait for a tape underflow. When 
a tape underflow occurs, another entry is taken 
from the table and set up as the second set of 
parameters. The waiting for underflow is also 
sec. If the entry in the table indicates the end 
of the data* the waiting for tape complete bit will 
be set instead of waiting for underflow. When the. 
tape write is complete* error checking is done. 

The Cape queue pointer is set Co the next queue. 

The procedure starts again looking for two entries 
in the queue* 
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Description . ' ‘ 

This document covers the interface characteristics 
of the lOU-'-iS with a Cipher r880 Microstreamer tape 
arive and a Qantei Q29, Q30, or Q64 backplane. 

This specification only pertains to the PROM set 
labeled STTC-51 { ) and saTC-52( ). 

Tne fir^are will handle one streaming tape unit. 

The firk^are is designed to operate in three modes: 

I PL mode 
Buffer mode 
Streaming mode 

The:CPU program is the only way that the speed ana 
density of tne CIPHER drive are set. If the densi-ty 
button on the CIPHER panel is pressed the firmware 
will override the operator action anu set the speed 
and density back to the requested values of the 
CPU program. 


Referenc e Documents 


A3 0827 
A51Q49-001 
A5 4017-001 
A43 91 4-TAB 
CIPHER 
ZILOG 


900/1400 Backplane Description and Protocol 
Internal Specification Cipher Streaming Tape, IOU49 
Design Specification, IOU49 
I.C. Programmed, 2732 IOU49 

Series F880 Microstrearaer Tape Drive Product Spec 
Z80A' C 
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CPU Interface 

The CPU interface is hanuleU by the controller and the 
2fl0 thru 4 input rcQisters ^AO/ $C0 r 5F0) diid 

a output regmerH^SO, ?80, $90, 5A0, 5C0, $D0, $E0, $F0) . 
The supported instructions are; CTL, RD, RDC, RID, RIO, 

RS2, SIM, and V/RC. 

Devi OP Controls IC-H. instruct-UtnL 


The device controls are detined to be executed only 
in the proper mode. Pollov/ing is a list of the controls, 
and an indication in parantheses of the proper modes 
for the control (1=IPL mode, B=Uufrer mooe, S=Streaming 

mode} . 


Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 


$00 - Erase A Block (I,B) 

$01 - Read Check (1,0) 

$02 - Backspace (I,B} 

$03 - Rewind (I,D) 

$04 - Unload (I,B) 

$10 - Disable CPU Interrupts (D,S) 

$14 - Enable CPU Interrupts (B,S) 

$15 - Reset CPU Interrupt (B,S) 

$20 - Enter IPL hooe (I,B,S) 

$21 - Enter Buffer Mooe (I) 

$22 - Enter Streaming Houe (I) 

$31 - Backup Check {I,B) 

$32 “ Search for 2 EOF's (I,B) 

$33 - Set High Speed (I,D,S) 

$34 - Set Low Speed (I,B) 

$35 - Set High Density (I,B,S) 

$37 - Start a Read Prom the Tape (B) 

§5i - start of Block for Streaming Write (S) 
$52 - End of Block for Streaming Write (S) 
$53 - V/ait for Streaming to Complete (S) 

$7F - Read Identification (I,!B) 

$85 - Sec Memory I/O Mode (I) 

$86 - Jump To Controller Memory Location {1} 


rnni-rnl SflO - Erase A Blo cks This control will erase 
the block where the taiie is positioneo. 

A maximum of 4 consecutive erases should 
be done to avoid a runaway error on reading. 

If the write enable ring is not on the tape, 
an unload will be executed. If the end 
of tape is oececteu $40 will be set in 
status 0. If enabled, the interrupt on 
the backplane ana $10 in status 0 will 
be set at the completion of the erase. 

MOTE; A backspace is not done. 
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Control $01 - Re^iQ Check. This control will read a 

block and check ii the parity is valid. 

Status 0 reflects the block's status. 

The errors set in reau check are hard 
tape error, parity error, corrected data, 
end of file ana end of tape. If enabled, 
the interrupt on the backplane ancf^SlO 
in status 0 will be set at the completion 
of the reau check. 

Control S02 - Backspace. This control will backspace 
a block on the tape. The status will be 
cleared before the backspace takes place. 

The errors set in backspace are hard 
tape error, parity error, corrected data, EOF, 
and beginning of tape. If enabled# the 
interrupt on the backplane and $10 
in status 0 will be set at the completion 
of the backspace. 

Control $03 - Rewino. This control will rewind the 
tape. The status will be cleared 
before the rewind takes place. The 
errors set in rewind are inoperable 
and beginning of tape. If enabled, the 
interrupt on the backplane and $10 in 
status 0 will be set at the completion 
of Che rewind. 

Control S04 - Unload The Tape. This control will 
rewind the tape and sec status 0 to 
inop plus BOT. The status will.be cleared 
before the unload takes x^lace. If 
enabled, the interrupt on the backplane 
and $10 in status 0 will be set at the 
completion of the unload. 

Control $10 - Disable CPU Interrupts. This control 

prevents the backplane interrupt and $10 
in status 0 from being set. The backplane 
interrupt and $10 in status 0 will be reset. 

Control $14 - Enable CPU Interrupts. This control 

allows the backplane interrupt and $10 in 
status 0 to be set when operations are 
complete. The current backplane interrupt 
and $10 in status 0 will be reset. 

Control $15 - Reset An Interrupts This control 

will reset Che backplane interrupt and 
the $10 in status 0 chat is pending. 
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Coritrol S2Q - Enter TPt. Hodf*. This conCroi will 

emulate the I0U-2I with the following 
exceptions: 

1) Backspace from load point will 
causje status 0 to be $46 then $44. 

2) tVriting to a file-protected^ tape 
will cause tiie tape to go offlinCf 
rewind, and unload necessitating 
operator reload. 

3) The unload control ($04) will 
cause the tape to go oftliae, 
rewind, and unload. 

* 4) The read status 2 is $C7. 

The CPU interrupts will be disabled. 

See IPL Koue Read, Write, and status 0. 

Co ntrol $ 21 - Enter Buffer moae^ This 

control will re-uerine status 0 so 
that the controller can run in a 
buffered mode by cnecking for the $10 
bit on in status 0 or interrupt pending, 
if CTL $14 was executed, when an operation 
is complete. The maximum buffer size 
in this mode is 24K. See Duffer Mode 
Read, Write, and Status 0. 

Control $22 - Enter Streaniino Hode^ This control 

will change the characteristics of the 
controller so that streaming of the 
tape will be possible. This control 
will also indicate that the next write 
will be three bytes of information. 

This control will define bit $10 in 
status 0 as an interrupt bit. 

See Streaming Mode V^rite and Status 0. 

Byte 1 - Type of streaming 

$01 - Write 

Bytes 2Ji3 - Record Length 

$0100 to $0800 
(The last write < 
an EOF mark are 
exceptions to the 
record length) 
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■ Backup Check. This control will do 
a parity and block length check ot a 
tape. This control will also indicate 
to the firttware that the next write 
will be three bytes of parameters. 

Byte 1 - Direction of Tape 

$01 - Forward Check 
$02 - Reverse Check 

Byte 2&i3 - Block Length of Records 

After the parameters are received the 
number of successful blocks will be 
zeroed. A read in the proper direction 
will be performed. If a hard error, 
parity error, corrected data read, or 
the block length is incorrect, $20 in 
status 0 will be set ana write busy 
will be reset. Otherwise 1 will be added 
to the i of successful blocks and the 
reads will keep being done until an error 
or BOT (Forward) or COT (Reverse) is 
encounterea. The CPU program should 
wait for busy to become false and then 
read status 0 to deteriuine if the clieck 
was successful. The reao ioentif ication 
control should be executed after busy 
goes away to read the extendeo status 
and the t of successful blocks read. 

Search for 2 EOF*s. This control does 
a forward high speed search for two 
consecutive end-of-file marks. This control 
is complete when write busy is false. If 
$80 is on in status 0 , then the tape was 
inoperable before reaching 2 consecutive 
EOF's. If $40 is on in status 0, the 
end of tape was encountered before 
the 2 EOF's. If $80 and $40 are off, then 
the 2 consecutive EOF* s have been found. 

If $20 is on this is a warning that 
a block or blocks were found bad while 
searching for the EOF's. If interrupt 
is enabled the backplane interrupt and 
$10 in status 0 will be set at the 
completion of the search. 
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Control S33 - Si? t High Speeu. This control overrides 
the current speed select end sets ni^h 
speed (1600 dpi and 100 ips) . The density 
can only be changed at DOT; therefore, if 
this control is changing the density 
ana the cape is not at DOT, the tape 
will be rewound to BOT. ■ 

Control g34 - Set Low Sueed. This control overrides 
the current speed select and sets low 
speed (1600 bpi and 25 ips) . This is 
the default in IPL mooe. The uensity 
can only be changed at DOT; therefore, if 
this control is changing the uensity 
and the tape is nut at BOT, the tape 
will be rewound to BUT. 

Control S35 ~ Set High Densit y. This control rewinds 
the tape and selects nigh Ot^nsity 
(3200 bpi and 50 ips) . Tne density 
can only be changed at BOT; therefore, if 
this control is changing the uensity 
and the cape is not ac DOT, the tape 
will be rewouno to BOT. 

Control S 37 - Scare a Reau From the Taue^ This 

control will indicate to the controller 
to ao a reau from the tape. This control 
is used in conjunction with the buefer 
mooe to get che data off the tape and 
into the controller buffer. Then it 
signals a complecion/ interrupt status 
to the CPU to do a RDC and get the data. 
The maxirouin buffer sise is 24K. The 
status and extended stacus are reset 
before this control is executed. 
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Control $51 ~ Start of Block for Streaming t;rite. 

This control will sot up a queue for the 
following data so it will Le written to 
the tape as a block. This control also 
indicates to the firmware chat the next 
write must be 4 bytes. 

Bytes 1&2 - Block Length ($000^- $7FFF) 
Bytes 3&4 - Sequence Number for this Block 

After this control until the end of block 
control the data available bit ($10 and 
interrupt) will be set to indicate when 
a write can be done to tlie controller. 

Control $52 - End of Block for Streaming Mode. 

This control inuicates that all the data 
for the present queue has oeen sent troiu 
the CPU. This control will also stop 
interrupts from being set. 

Control $53 - Vlait for Streaming Write to Comclete. 

This control will force the data in the 
queues tnat have not been written to tape 
to be written to tape. An interrupt 
will occur to indicate tnat tne data 
was successfully written or if there 
was an error. 
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2) 

3) 


4) 


S - 


8 - 


ContuQl $7F - Read Identif icacion. Tnis control will set 

up an 21 byte field as the next data to be sent..: 

: on a read. This control is used by the macro 

instruction RID to get only the first 3 fields 
of the read iuentif ication string. This 
control can also be used by the CPU programmer, 
to get all 21 bytes by issuing the control 
followed by a read. The 21 bytes are; 

K, 

$49 - packed oeciutal IOU-49, 

$51 - Cipher Microstreamer, and 
Controller Mooe 
•901 - I PL Moue 
$02 - Buffer Moue 
$04 “ Streaming Mode 
Interrupt Status Byte 

$10 - Set $10 Bit on in Status 0 
$08 - Set Backplane Interrupt 
- Sequence Number 
Last Device Control - 

Rom date and version i (YYWMDDW) 

Tape Speed 

$80 - 100 IPS & 1600 BPI 
$40 - 25 IPS a 1600 BPI 
$20 - so IPS & 3200 BPI 
Block Length work area 
Extended Tape Status ,, 

$80 “ Tape Inoperable 

$40 - No Identification Found on Tape (Not Used) ; 
$20 - End of Tape Found 
$10 - One End of File Mark Pound 
Extended Tape Status, A Backspace Needs to be Done 
$10 - Hard Tape Error 
$08 -* Data Corrected Error 
$04 - Tape Parity Error 

$02 - Not Enough Data Received for Block (Streaming) 
$01 - CPU Problem During Block Write(Notes 
This is a streaming error and bytes. 

17 and 18 should be checked for 
the exact reason for this error) 

Extended Programming Problems Status 

$80 - Control Not Supported By Controller . 

$40 - Mo Data for This Read (No CTL $37) 

$20 - Invalid Type in Parameters (CTL $22&$31) 

$10 - Control Not Valia in Tnis Mode 
Extenoeo Streaming Programming Problem Status 


13 - 


6) 

7) 

11 ) 

12) 


14) 

15) 


16) 


17) 


18) 


$80 

$40 

$20 

$10 


19) 


20 a 21) 


Two Short Writes 

Reads Hot Allowed in Streaming VJrite 
Sent More Data Than Parameters Allowed 
Sent Less Data Than Parameters Allowed 
Invalid Length in Parameter 
No Start of Block Control Received 
Extended Check Status 
$80 - Block Length Error (CTL $31) 

Extended Status Hot Yet Defined 


;>uo 

$04 
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Set Memory I /O Mode. This control will 
indic^ite to the firiav/are that the next 
two byte write will contain the RAIl adoress 
of where data should be read from or 
written to. Afuer the two byce write 
of an adotess a read or write instruction 
will cause data to be passed between that 
address and the processor. This control 
can be used to downlead a program to 
RAM or access the R/d-1. Tiiis 
control applies to one access of the \ 
controller. An I/O mode reao or write 
has a maximum length of $3FFF bytes. 

The RAM area that code should be 
downloaded into is 5a&00 to $E7FF. 


This control will indicate to the firmware 
that the next two byte write will contain 
the address that the firmware will give 
Control to. This control allows a program 
which was downloaded to be executed. Once 
this control is issued the controller 
will take on the characteristics of the 
program downloaded. To get out of this 
mode a RIO or IPL must be executed. 
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The RD and RDC instructions are Handled the same with 
one exception. The RD will transfer a block of data 
read from the tape where the RDC viill transfer a^ 
block of data or the number of bytes in the instruction 
whichever is the smallest number. The reads function 
differently for each firmware mode. If RDC takes less 
than a full tape block the rest of the data in the 
brock will be discardeo. Errors ana interrupts are 
reset before each reao. 

IPL node Read 

A read will get the next block of uata on the tape, 
and transfer the data to the processor. 

The CPU is hung in the read instruction until 
a block has been read from the tape and the data is 
passed to the CPU. Then the CPU is free but the 
controller is still busy until it posts the status of 
the read, therefore status is not valid until write 
busy is false. 

The upper four bits of status 0 auring a read are $60 tape 
offline, $40 tape at DOT, EOT, or EOF, $20 error 
correction performed, and $10 hard error or parity error. 


BxflinpLe 


ODUF 

DA 

1000 

DUFFER 

DEV 

EQU 

8 

DEVICE NUMBER 


RDC 

DUF,DEV;.BUF 

READ A TAPE BLOCK 


SIN 

$03, DEV 

WAIT FOR BUSY TO GO DOWN 


BNZ 

»-3 



TBT 

=$P0;23 

ANY ERItORS? 


BNZ 

ERROR 

IF SO BRANCH 
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Burfer Mode Rend 


A start read conunana will cause the next block of data 
on the tape to be read. Tne processor will be notified 
when cata is available to be read from the controller 
buffer. The CPU is hung in che reaa instruction * 
until the data is passed to the CPU. Then the CPU is^ 
free but the controller is still busy until it posts 
Che status of the reaa; therefore, status is not valid uncil 
busy is false. If the read is not proceeded by the 
CTL 537 an error will be set. 


The upper four bits of status 0 during a read are 580 
tape offline, 540 tape at EOT, EOT, or EOF, 520 error 
correction performed, hard or parity error, or no data 
for this read, and 510 data ready to be read. 


Example 

ySUF DA 1000 

DEV EQO 8 

CTL 537, DEV 
SIM 510, DEV 
B2 *-3 
CTL 515, DEV 
SIM 503, DEV 
BN2 *-3 

RDC BUF,DEV;,BUF 
SIN 503, DEV 
BN2 . *-3 
TBT *5E0;23 
BNZ ERROR 


Streaming Mode Read 


BUFFER 

DEVICE NUMBER 

TELL CONTROLLER TO READ FROM TAPE 
WAIT TILL READ DONE 

• 

RESET INTERRUPT 
WAIT FOR VALID STATUS 

READ THE DATA (MAXIMUM 24K) 

WAIT FOR VALID STATUS 
« 

ANY ERRORS? 

IF YES BRANCH 


This is not implemented. If a read is done in streaming 
mode bit 520 is status 0 will be set ana the extended 
status error will be in byte 18, 540 reads not allowed 
in streaming write* 
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Tne status 0 aefinition is ac-tineu by the mode of 
the firmware. The lower 4 bits and the upper 2 bits 
are always the same. The firmware sets anu resets $80/ 
?40, $20/ and $10. The firmware c^n reset $02. The 
The hardware sets and resets $08/ $04/ $02/ ana $01. 


$80 Inoperable 

$40 BOT/EOT/EOF Flag . — 

$20 Hode Dependent 

$10 Mode Uepenoent 

$08 Service Bequest 

$04 End 

$02 Write Busy 

$01 Reao Busy 

The -inoperable status will be set for the following 
reasons: the tape unit is offline, or the cape is 
file-protected during a write. 
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V/rite A Blo c k (WHC InstrucclotAl 
I PL Moufe Wricfc 

A write will transfer the data from the processor to 
tne controller data area and chen write ttie data to the 
tape. The CPU is hung in the write only until the' data 
is transferred to the controller. Tne write busy 
status will be true until the write lias been performed. 
Wnen the status for this write is posted in Status 0, 
write busy will be false. Therefore errors should 
not be checked until busy is false. If a write is 
performed to an inop cape/ the tape will be rewound 
and unloaded. : - . . .. — 

The upper four hits of status 0 during a v/rite are $80 
tape offline, $40 at end of tape, $20 corrected data read 
and $10 write while inop, error in writing EOF, and 
parity error. 

Example 

esUF ^ .DA 1000 
DEV .• EQU 8 

V/UITE A BLOCK OF DATA 
WAIT FOR BUSY TO GO DOWN 

ANY ERRORS? 

IF YES BRANCH 


WRC 

BUF,DEV 

SIM 

$03, DEV 

BHZ 

*-3 

TBT 

=$F0;23 

BNZ 

ERROR 


1 






Buffer Hope V/rite 

A write will transfer the date from the processor to 
the controller data area and then write the oata to 
the tape. The CPU is hung in the write only until 
the oata is transferred to the controller. Write- busy 
status will be true until the write has been performed. 
When the status for this write is posted in Status 0, 
write busy will be false ana the interrupt bit 
in status 0 will be true. Therefore errors shoula 
not be checked until the interrupt bit is true or 
tne write busy bit is false. After the error status 
has been sayeu, the CPU must reset the interrupt 
status (CTL $15] . 

The errors during a write are $80 tape offline, 

$40 at £OT, $20 an error occur eu (see Buffer Mode 


Status 0 

Definition) , and $10 

write complete/interrupt . 

Example 




eouF/i- 

da ■ • 

1000 

DUFFER 

DEV ! 

EQU 

-8 

DEVICE NUMBER 

STATUS 

DA ’ 

1 

STATUS SAVED 


WRC 

BUr,DEV;.DUF 

V/RITE A BLOCK OF DATA 


SIN 

$10, DEV 

WAIT- FOR COMPLETE TO BE 


BEQ 

'*-3 

• ■ ’ • 


MOV 

23,1; STATUS 

SAVE THE STATUS , 


CTL 

$15, DEV 

RESET THE INTERRUPT . 


SIN 

$03, DEV 

VJAIT . FOR VALID STATUS 


BNZ 

*-3 

• L 


TBT 

=$ EG; STATUS 

ANY ERRORS? 


BNZ 

ERROR 

IF YES BRANCH 
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Streaming Moue Write 

Streaming moae indicates that data will ne i'ed to the 
tape at a last enough rate to keep the tape always 
raoving forward ana not re-posi tloiung. To get the tape 
to scream while reading from the disk the firmware 
has controls wiiicii allow the CPU to define a block 
of data and send the data in segments so the disk 
can be serviced between sending these segments. 

The CPU will indicate the beginning of a block, a block 
sequence number, send segments, and then indicate the 
end of a block. 

The firmware has four queues to hold the information 
for plocKs of data. Tiie firmware will take a segment 
from the CPU, store it in RAM, and save this 
information in a queue. Tiie firmware is also checking 
the queues to see if there is data to write to ttie 
cape ana, if so, will write it to the tape. 

The CPU takes up RA^l space ana puts infonriation into 
the ijueues. The tape frees tiie RAM space by writing 
with the information in the queues. 

The CPU checks status 0 bit ?10 to see if R/iH area 
is available for a write. Bits $b0, $40, and $20 
should also be checked to see if error or EOT 
has occurred. If any of these bits are true, the CPU 
program should enter IPL mode and uo a control $7F 
followed by a read of the extenueo status bytes. 

Tiie extended status bytes snouiu be checked in the 
following order 1) if byte 15 is nonzero, then handle 
the inop or EOT, 2) if byte 16 is nonzero, tiien do 
a backspace, an erase, ano start streaming again 
from the sequence # in bytes 5ii6, ana 3) if bytes 
17 or 18 are nonzero, there is a possible problem 
with the communications between the CPU program ano 
the controller. 

The .following example writes three blocks and an EOF mark. 
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